NI 161 

METHOD AND APPARATUS FOR JOINING AT LEAST TWO WORK PIECES BY 

FRICTION STIR WELDING 

BACKGROUND OF THE INVENTION 
The invention resides in a method and apparatus for join- 
ing at least two work pieces by friction stir welding wherein 
the work pieces are at least partially plasticized in the area 
of the joint by a rotating friction member having a pin pro- 
5 jecting into the joint area. The invention also resides in an 
apparatus for performing such a method. 

A similar method and similar apparatus are known from EP- 
B-0615480. Basically friction welding has been known for some 
years. Originally for friction welding two work pieces which 

10 were to be joined by friction welding were moved relative to 
each other in the joint area while being engaged with each 
other by a predetermined force. The friction generated heat 
by which the work pieces were plasticized in the joint area. 
Upon sufficient plastif ication, the work piece materials in- 

15 termix in the interface area so that, upon cooling, the de- 
sired weld joint between the two work pieces is formed. 

With friction stir welding, a pin-like projection is ro- 
tated by a drive or motor at high speed and is moved between 
the almost abutting faces of two work pieces to be joined. 

20 The pin-like projection is guided by a special guide apparatus 
or a robot and is moved thereby along the interface area be- 
tween the two work pieces to be joined. Upon sufficient plas- 
tification of the adjacent work piece material areas, the pin- 
like projection is moved further along the interface area be- 
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tween the two work pieces so that a longitudinal welding seam 
is formed for example. 

Also, other welding methods are known for example in 
automotive or aeronautical engineering for joining components 
5 of light metals with components of steel. Mechanical jointing 
procedures and cementing techniques are used in this connec- 
tion for forming a spot-like or axial connection between a 
work piece of light metal and a work piece of steel. Friction 
weld joints of this material combination are performed with 

10 structural components generally only in the form of bolt fric- 
tion welds. The friction weld processes used up to now are 
not suitable to join materials over an extended section in a 
material-interlocking manner. Therefore, work pieces which 
have been joined by friction welding do not have the strength 

15 required for many joints. 

The use of work pieces of aluminum or aluminum alloys 
which are being used more extensively in the construction of 
airplanes and also motor vehicles, is problematic as far as 
weld joints between such different work pieces are concerned. 

20 The reason is that aluminum and aluminum alloys form with the 
oxygen of the ambient air a very objectionable oxide layer on 
the surface areas which causes a substantial electrical resis- 
tance between the components being joined and which also 
causes the oxide to enter the plasticized area of the work 

25 pieces. Consequently, impurities of aluminum oxides are em- 
bedded in the plasticized area of the work pieces joined. In 
addition, inter-metallic phases develop since the work pieces 
have different melting and solidification points. 

It is consequently the object of the present invention to 

30 provide a method and apparatus by which metallic and also non- 
metallic work pieces can be joined in a simple and secure man- 
ner without the need for additional connecting elements. The 
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joints should be highly precise and reproducible, they should 
be gas tight and they should be easy to make so that the 
method and apparatus can be used in connection with manufac- 
turing robots. 

5 

SUMMARY OF THE INVENTION 
In a method and apparatus for' joining at least two work 
pieces by friction stir welding wherein the work pieces are at 
least partially plasticized in the area where they are to be 

10 joined by a rotating friction tool provided with a projection 
which can be moved into the area of the joint to be formed, 
the projection on the rotating tool has a length corresponding 
about to the thickness of the work piece and a shoulder around 
the pin-like projection so that, upon movement of the tool to- 

15 ward the work pieces, the work piece material is plasticized 
by the rotating pin-like projection which moves into the work 
piece material until it reaches the surfaces of the lowermost 
work piece while compressing the plasticized material. 

The invention is based on the fact' that, with friction 

20 stir welding, joints between various types of material can be 
established. Because of the different melting points of the 
.materials of which the work pieces consist, the work pieces 
cannot be joined by normal melt welding methods. With the 
present invention, the work pieces can be firmly joined over 

25 any desired length. Another advantage of the method is that, 
in contrast to the various welding methods, the connecting ar- 
eas of the work pieces to be joined do not need to be prepared 
or pretreated. In addition, no material has to be added. 
Since the pin-like projection extends from the top only to the 

30 surface of a lower work piece, a metallic clean surface for 
example of a steel work piece is obtained with a continuously 
rotating projection. As a result, a gas-tight material- 
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bridging connection of the adjacent work pieces which are be- 
ing joined is obtained. 

Advantageously, a lower work piece is joined with at 
least one work piece disposed on top of the lower work piece 
5 in a material-interlocking manner such that the joint has a 
certain high strength. Because of the . rotation of the projec- 
tion, the surface of the lower work piece is roughened so that 
the materials of the two work pieces are intermixed at the in- 
terface and a firm local connection between for example an 

10 aluminum work piece and a steel work piece is obtained. 

In addition, it is made sure with the use of a friction 
welding tool that, expediently, oxides and oxide-containing 
compounds are removed from the surfaces of the lower work 
piece and also of the upper work piece so that the jointure 

15 between the work pieces of different materials to be joined is 
improved. In addition, the electrical resistance at the in- 
terface is reduced. However, the surface areas of the upper 
work piece may of course also be cleaned. 

Upon movement of the pin-like projection along an inter- 

20 face area of two work pieces the work pieces can be joined 
durably and firmly over an extended section. During the stir 
welding procedure, the pin-like projection and the weld area 
may also be moved relative to each other, wherein the pin-like 
projection may be moved relative to the work pieces or the 

25 work pieces may be moved relative to the pin-like projection. 

The interconnection of the work pieces can be improved in 
that a pressure is applied to the material to being plasti- 
cized so that, after cooling of the material, the lower work 
piece is joined to the upper work piece. 

30 In a particular embodiment of the invention, the pressure 

is generated by means of a shoulder of the pin-like projec- 
tion. 
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The strength of the connection between the work pieces is 
further increased if, at the same time, the work pieces are 
joined in a form-locking manner. Then not only the weld joint 
as such forms the connection but the additional form-locking 
5 contributes to the strength of the connection. In this case, 
the geometry of the work pieces is taken into consideration 
for joining the work pieces. 

The form-locking connection is achieved particularly by 
the introduction of the material being plasticized into at 

10 least one recess of the lower work piece. 

In the apparatus for interconnecting at least two adja- 
cent work pieces by friction stir welding, the pin-like pro- 
jection is movable essentially along its axis of rotation 
through the material being plasticized of a work piece at 

15 least up to the surface of the work piece disposed below. In 
accordance with the invention, the apparatus is so designed 
that the pin-like projection does not extend through all the 
work pieces to be joined. Rather, the insertion depth of the 
pin-like projection is so selected or adjusted that the pin- 

20 like projection passes fully at least through one of the work 
pieces but only touches the surface of the lowermost work 
piece. The advantages of such an arrangement have been 
pointed out in connection with the description of the method 
according to the invention. 

25 Advantageously, the length of the pin-like projection 

corresponds essentially to the thickness of the work piece or 
work pieces disposed on top of the lowermost work piece. In 
this way, it is ensured that the pin-like projection does not 
enter the lowermost work piece. 

30 In order to provide for a good connection with the lower- 

most work piece into which the pin-like projection did not en- 
ter, the pin-like projection extends preferably from a shoul- 


5 


der by way of which a pressure can be applied to the plasti- 
cized material. 

The pin-like projection and/or the shoulder may be pro- 
vided with a wear layer so that the apparatus provides a reli- 
5 able connection between the work pieces. The wear layer may 
consist of diamonds or another hard material in order to im- 
prove the live and operation of the apparatus. 

Below an embodiment of the invention will be described in 
greater detail on the basis of the accompanying schematic 
10. drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. la - Fig. 1c show schematically the method steps for 
the joining of two work pieces and 
15 Fig. 2 is a schematic cross-sectional view of a joint. 

DESCRIPTION, OF A PARTICULAR EMBODIMENT 
Figs, la - lc show schematically the method steps for 
forming a joint between two work pieces 13, 14, which are 
20 shown in cross-section. The work piece 13 is arranged in a 
recess 15 cut into the work piece 14. In the recess 15 
grooves 16 are cut into the work piece 14 (Fig. la) . 

When the work piece 13 is placed on the work piece 14 in 
the recess 15, a friction welding tool 10 is moved in from one 
25 side of the work piece 13. At its operating end, the tool has 
a projection 11 projecting from a shoulder 12 of the tool 10 
(Fig. lb) . 

The tool 10 is pressed axially against the work piece 13 
and is rotated so that between the tool 10 or, respectively, 
30 the projection 11 thereof, friction heat is generated which 
locally plasticizes the adjacent material of the work piece 13 
permitting the projection 11 to advance into and through the 
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work piece 13. When the projection 11 of the tool 10 has ad- 
vanced through the work piece 13, it comes into contact with 
the surface of the work piece 14. When the welding tool 16 
has locally plasticized the work piece 13 (for example of alu- 
5 minum) , as a result of the pressure applied to 'the tool, the 
plasticized material is pressed by the shoulders 13 into the 
grooves 16 (Fig. 16) . The shoulder 12 of the tool 10 gener- 
ates, because of the axial force applied thereto, a pressure 
in the plasticized material of the work piece 13. Then the 
10 welding tool 10 is moved along a predetermined connecting 
area . 

By the friction of the projection 10 on the surface of 
the recess 15 on which the work piece is disposed, any oxides 
are removed from the surface of the recess 15, so that a gas- 

15 tight joint can be formed between the work pieces 13 and 14. 
Under the pressure applied to the tool 10 during the stir 
friction welding material plasticized thereby will flow into 
the grooves 16 to generate also a form-locking connection be- 
tween the work pieces 13 and 14 which increases the strength 

20 of the joint. 

It has been found that this procedure is very suitable 
for joining work pieces of light metal and steel since a sta- 
ble joint of high strength can be provided in a simple manner. 
Fig. 2 is a cross-sectional view of a joint between the 

25 work pieces 13 and 14 formed in accordance with the present 
invention. With the introduction of the plasticized material 
into the grooves 16 a form-locking connection between the work 
pieces 13 and 14 is achieved. In addition, in the area of the 
web 17 between the two grooves 16, the materials of the two 

30 work pieces 13, 14 are alloyed together. 


7 


